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Why a CURE?
• Implemented in Organic
Chemistry II laboratory class
• Taken by biology majors only
• Second semester of second
year
• Course enrollment is
approximately 40 students

Why a CURE?

• Growing implementation in the sciences
(Auchincloss et al., 2014)
• Gains in science-related skills
• Collaborative environments
• Can vary in design (Spell et al., 2014)
• Faculty-bounded to student-led
• Answer is unknown in some way

Exposure assessment research

Implementation
of our CURE

Research question (defined by faculty): How does
phthalate exposure change after removing nail
polish?

Research in the classroom
Student role: Extract and quantify phthalates from
participants
Assessment questions: Does participation impact
learning gains and scientific identity?

The intervention

Start of term

Making our
CURE viable

Toxicology

Isn’t this for
organic
chemistry
class?

•

What does toxicology have to do
with it?

• Study of carbon-based compounds

Study of and detection of compounds that
cause adverse effects on the body
•
•

Most are organic compounds
Need a background in organic chemistry and
biochemistry

Organic Chemistry

Toxicity
• ALL compounds are toxic
• The dose makes the poison

10 g Caffeine – 80 – 100 cups
of coffee all at once!

Route of exposure
• Swallowing
• Inhalation
• Absorption through
skin
• Injection

Genetic Science Learning Center, 2013

Phthalate exposure assessment
• What’s a phthalate?
• What are they used for?

• Why do we care?

Why nail
polish?

Lunsford et al., 2018

Why nail
polish?

Toxicity
depends upon
ADME

•
•
•
•

Absorption
Distribution
Metabolism
Excretion

Absorption

Cell membrane diagram by Smart Servier Medical Art
under CC 3.0

Photo by Karolina Grabowska from Pexels

Distribution
• Movement of the toxicant through the body via the
bloodstream
• Distribution depends on solubility

Metabolism
• Many toxicants are metabolically altered
• Conjugation with charged species increases solubility
• Glucuronide
• Glutathione
• Sulfate

Frederiksen et al., 2007

Excretion
• Kidney (from blood)
• Liver (blood/biliary system)
• Lung (volatile organics)
• Others:
• Lactation
• Sweat
• Saliva
• Tears
• Deposition in hair and nails

Exposure assessment methods
Direct

Indirect

• Measures of absorption in biological media
• Blood, urine, stool, hair, nails, etc.
• Assess metabolites and parent
compounds

• External estimates of exposure
• Sampling of water, air, food, ambient
home environments, personal care
products, etc.
• Measure parent compound and model
exposure

Exposure assessment

Adapted from Kumar & Sivaperumal, 2016

Onto the experiment…
What do we need to consider?
• Extraction (Activity 1)
• Separation (Activity 2)
• Detection & Data analysis (Activity 3)

Extraction
• Goal is to remove the free compounds
from urine mixture
• Glucuronide conjugation – removal by
enzymatic hydrolysis
• Other considerations
• Time and feasibility

Example proposal method

Separation & Detection
Reference your packet

Data analysis
Reference your packet

New project proposals

Example poster
Sampling and personal care
product change

Example poster
Indirect Exposure Assessment

Exam scores with
COVID interruption
*, significant comparisons, p< 0.001

Doctor et al., 2021

What did you like about the research project
you participated in this term? Did it get you
more interested in research in science?

“The project for this lab, extraction and quantification of phthalates from urine,
was really cool because it was a real world application of the
science. Also, just going to be real, it was pretty awesome seeing the paper I
found actually work and have a reproducible procedure that gave a result.”

“I enjoyed working with a team to create a finalized poster that showed off
our work. It did not get me more interested in research in science though, as
organic chemistry is not my favorite science subject.”

“I liked how all the experiments performed through the semester prepared and
trained us for our final research project. It was a cumulative learning
experience.”

Summary
Tips & tricks

• Keep students in their same format working
together
• Have canned methods and data ready
• Videos are key
• Not just demos of lab procedures, but include
video explanations of data analysis, etc.

References
Auchincloss, L. C., Laursen, S. L., Branchaw, J. L., Eagan, K., Graham, M., Hanauer, D. I., Lawrie, G., McLinn, C. M., Pelaez, N., Rowland, S.,
Towns, M., Trautmann, N. M., Varma-Nelson, P., Weston, T. J., & Dolan E. L., (2014). Assessment of Course-Based Undergraduate Research
Experiences: A Meeting Report. CBE—Life Sciences Education, 13, 29-40.
Cai, Y., Cai, Y., Shi, Y., Liu, J., Mou, S., & Lu, Y. (2007). A liquid-liquid extraction technique for phthalate esters with water-soluble organic solvents by
adding inorganic salts. Microchimica Acta, 157, 73-79.
Craig, J. A., Ceballos, D. M., Fruh, V., Petropoulos, Z. E., Allen, J. G., Calafat, A. M., Ospina, M., Stapleton, H. M., Hammel, S., Gray, R., & Webster,
T. F. (2019). Exposure of Nail Salon Workers to Phthalates, Di(2-ethylhexyl) Terephthalate, and Organophosphate Esters: A Pilot Study.
Environmental Science and Technology, 53(24), 14630-14637.
Doctor, E. L., Lehman, M., & Korte, C. S. (2021). Implementing CUREs with Cookbook-Style Laboratory Exercises in In-Person, Online and Hybrid
Formats. Journal of Microbiology and Biology Education, 22(1), 1-3.
Frederiksen, H., Skakkebaek, N. E., & Andersson, A-M. (2007). Metabolism of Phthalates. Molecular Nutrition and Food Research, 51(7), 899-911.
Holmgren, P., Norden-Pettersson, L., & Ahlner, J. (2004). Caffeine fatalities—four case reports. Forensic Science International, 139, 71-73.
Kumar, A. R., & Sivaperumal, P. (2015). Analytical methods for the determination of biomarkers of exposure to phthalates in human urine samples.
Trends in Analytical Chemistry, 75, 151-161.
Lunsford, L., Doctor, E. L., & Korte, C. S. (2018). Personal Care Products: Where are the Phthalates? [Poster presentation]. Lynn University Arts and
Sciences Student Symposium, Boca Raton, FL.
Mendelsohn, E., Hagopian, A., Hoffman, K., Butt, C. M., Lorenzo, A., Congleton, J., Webster, T. F., & Stapleton, H. M. (2016). Nail Polish as a
Source of Exposure to Triphenyl Phosphate. Environmental International, 86, 45-51.
Spell, R. M., Guinan, J. A., Miller, K. R., & Beck, C. W. (2014). Redefining Authentic Research Experiences in Introductory Biology Laboratories and
Barriers to Their Implementation. CBE-Life Sciences Education, 13, 102-110.

Image References
• Ipad by Anna Sophie from the Noun Project
• Presentation by Ikipoh from the Noun Project
• Recruitment by Adrien Coquet from the Noun Project
• Survey by Adrien Coquet from the Noun Project
• Exam by BomSymbols from the Noun Project
• Teaching by Rajive from the Noun Project
• Test tube by Barbara Marsillac from the Noun Project

Acknowledgements
• We gratefully acknowledge former Lynn
University students Tara Lunsford and
Josh Noriega for their assistance in
collecting samples and optimizing the
detection method
• We thank Dr. Melissa Lehman for her aid
in study design and statistical analysis.
• Thank you to Dr. Wayne Law for his
helpful comments in constructing this
presentation
• Funded by Roberta Williams Laboratory
Teaching Initiative Grant, 2018-2020
Photo credit: Kimberly Rowland, 2019

